Competitive and noncompetitive N-methyl-D-aspartate antagonists modify hypoxia-induced membrane potential changes and protect rat hippocampal slices from functional failure: a quantitative comparison.
Hippocampal slice survival after hypoxia was improved by exposure to competitive and noncompetitive N-methyl-D-aspartate (NMDA) antagonists. The rapid blockade and reappearance of synaptic transmission during hypoxia was not altered by these antagonists. However, [(+)-5-methyl-10, 11-dihydro-5H-dibenzo[a,d] cyclohepten-5, 10-imine maleate (MK-801) (50 microM) and 2-amino-5-phosphonopentanoic acid (dl-AP5) (25 microM) delayed the disappearance of these reactivated orthodromic population spikes. Intracellular recordings showed that MK-801 and dl-AP5 delayed the late, but not early, hypoxic depolarization of pyramidal cells, and improved recovery of membrane potential and input resistance (Rin) in many cells after reoxygenation. No untreated cells showed recovery. Thus, both competitive and noncompetitive NMDA antagonists decreased the hypoxia-induced depolarization and Rin. With the return of evoked population spikes as an index for recovery from hypoxia, the ED50 values for dl-AP5, MK-801, phencyclidine and dextromethorphan were 7.7, 4.5, 7.1 and 75 microM, respectively. Thus, in contrast to their higher affinities for the NMDA receptor MK-801 and phencyclidine were not significantly more potent than dl-AP5 in protecting hippocampal slices from hypoxia, and isobolographic analysis revealed dose-additive interactions. The unexpectedly low potency of the noncompetitive NMDA antagonists in protecting against hypoxia is attributed to magnesium in the buffer and the hypoxia-induced membrane depolarization, both of which have been shown to reduce the effectiveness of noncompetitive NMDA antagonists.